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SUMMARY

The electrical storage battery of a spacecraft ordinarily

consists of two or more parallel-connected groups of series-

connected cells. The number of such groups can be varied over a

considerable range depending on cell size and degree of redun-

dancy. This paper gives a mathematical approach to the problem

of choosing a configuration with maximum reliability.
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INTRODUCTION

One of the problems in designing a spacecraft power supply is the selection of a suitable

configuration for the cells which form the electrical storage battery. The usual practice is

to connect in series the number of cells necessary to obtain the desired voltage; two or

more of the "strings" thus formed are then connected in parallel to form the battery. In

some instances the number of parallel strings is dictated by system constraints or some

extraneous consideration. In other cases, however, the designer is free to choose the num-

ber of strings, provided that he makes a suitable choice of cell capacity. It is the purpose

of this paper to help the designer make an optimum choice.

THE NUMBER OF PARALLEL STRINGS

The approach used is purely mathematical and is based on the following assumptions,

none of which is strictly true:

1. The probability (P) that a given string will survive at least to a given time (t) is

independent of the size of the cells it contains, i.e., there is no inherent quality difference

between large and small cells;

2. The several strings are independent in the sense that failure of one or more does

not influence the expected lifetime of those remaining;

3. The total number of strings In) includes a number (k) of redundant strings, and no

more than k strings can fail without leading to immediate failure of the system.

*Mr. Johannsen is now employed by Hughes Aircraft Company.

1



2

The probability (R, k) that at most k out of n strings will fail before a time t is then given

by

k

n ! _ i i: " P" (1 -P) (1)R.,k (_-i)! i!

i=o

where i is the term number, and of course 0! = 1.

The quantity R k can be identified with system success. It is plotted against p in

Figures 1 and 2. Figure 1 shows the effect of varying n while holding the ratio n/k con-

stant. Figure 2 shows the effect of varying this same ratio with n constant.
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Figure 1--Rn, k as a Function of P for a varying value of n and a constant value of n//k
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Figure 2--R as a function of P for a constant value of n and a varying value of k
n,k

Tables 1 and 2 (which follow the text) give Rn, k values as a function of P for a variety

of n,k combinations. Values of P in the interval 0.90 to 0.99 are probably of greatest inter-

est and are therefore given separately and in more detail in Table 2.

A spacecraft battery may be designed with either of two objectives in regard to life-

time. The first aims at a maximum probability that the battery will function for a given

fixed period of time. The second has as its goal a maximum expected lifetime (L°, k)' The

latter is defined as the average lifetime to be expected of a system containing n strings of

which no more than k will fail without causing failure of the system. This value is given by

L, k = f;l_n,k(t) at (2)
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The term R. k (t 1 must be obtained from Equation 1 and entails a knowledge of Pf t ), i.e.,

the way that P varies with time.

CONCLUSION

With adequate test results the tabulated data would make it possible to compare R k

or Ln. k values for two or more cell configurations and thus make an optimum choice pos-

sible. Unfortunately, the presently available test results are not adequate for this purpose.

The material presented here permits at least one conclusion however. If the P values

of two systems are known to be large (close to unity} and approximately the same, it is safe

to assume that the larger Rn. k value will be obtained with the larger n value; this is apparent

from Figure 1 and, of course, assumes the same redundancy (n/k) for the systems being

compared.

The tabulated values (Tables 1 and 2) were calculated from data in "Tables of the

Binomial Probability Distribution," pages 198-204, U. S. National Bureau of Standards,

Applied Mathematics Series 6, Washington, U. So Government Printing Office, 1950. The

function evaluated in these tables is not that given in Equation 1 but is transformed in

sucha waythat(1) for P valuesfrom zero to0.5, r = n - k and P = p; and (2)for P values

from 0.5 to 1.0, r -- k +1 andP = 1 - p. Both r and p refer to symbols intheNBS Tables.
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